Spin polarized DFT calculations of metal borides by Alarco, Jose A. et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Alarco, Jose A., Talbot, Peter C., & Mackinnon, Ian D. R. (2014) Spin po-
larized DFT calculations of metal borides. In Manghnani, Murli & Yucel,
Onuralp (Eds.) 18th International Symposium on Boron, Borides and Re-
lated Materials (ISBB 2014), 31 August - 5 September 2014, Honolulu,
Hawaii, USA.
This file was downloaded from: http://eprints.qut.edu.au/75976/
c© Copyright 2014 Please consult the authors
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
 Spin polarized DFT calculations of metal borides 
 
J. A. Alarco
1,2
, P. C. Talbot
1,2
 and I. D. R. Mackinnon
1
  
(jose.alarco@qut.edu.au) 
1
Institute for Future Environments, Brisbane, Australia 
2
Science and Engineering Faculty, School of Chemistry, Physics and Mechanical Engineering, 
Queensland University of Technology, Brisbane, Australia 
 
The metal borides, in particular the diborides and hexaborides, contain stoichiometric forms that 
include insulators, semiconductors and superconductors. In addition, their end-member structures have 
high symmetry and two atoms although, in general, substitution(s) of multi-valent ions into the metal 
site occurs consistent with Vegard’s law. These characteristics allow for fundamental comparison of 
important physical properties such as superconductivity and insulation within a relatively simple 
structure type. Our early work
1,2
 has demonstrated this for the hexaborides and this work compares 
similar attributes across a broader suite of boride structures. In all cases, theoretical calculations are 
referenced to structures determined via high resolution neutron or X-ray diffraction experiments. 
 
Density functional calculations (DFT) of electronic band structures
1,2
 and phonon dispersions 
have been performed for a suite of metal borides, including diborides (e.g. MgB2) and hexaborides (e.g. 
YB6, LaB6, CaB6). Where possible, calculations have been extended to include spin polarization and 
compared using a range of functionals
2
. Inclusion of spin polarization leads to increased mathematical 
accuracy and improved physical interpretation of functional calculations especially for superconducting 
borides
2
. 
 
The optical properties of MgB2 are defined by the D6h point group, with Raman-active 
symmetry species A1g, E1g and E2g. However, experimental measurements of MgB2 given in the 
literature
3,4
 show significant variations and spectral contributions that suggest anharmonicity is not a 
dominant mechanism for Raman response. Phonon dispersion calculations show that a viable 
explanation for Raman and Infrared results can be achieved by reducing the symmetry of the group 
determined from refinements of X-ray and neutron diffraction studies. A reduction in symmetry allows 
a better approximation to dynamical distortions induced in the boride system by the phonons 
themselves. 
 
Band structure calculations for particular borides (e.g. YB6 and LaB6) show features adjacent to 
the Fermi energy with common reciprocal lattice extent. Combining data from DFT calculations points 
to the co-existence of lattice, spin and charge density modulations in a number of superconducting 
boride structures. Thus, the essential physical phenomena for superconductivity in the borides appear 
similar to those in the high Tc cuprates and iron pnictide superconductors. 
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